. Additional EDS data for the Pt-decorated Au nanoprism shown in Figure 1 . (a-d) STEM-EDS maps of the Au and Pt L α and L β1 lines. For clarity the contrast was enhanced by saturating 0.3% of the pixels (no contrast enhancement in the manuscript). (e) Difference between Au and Pt intensity. The lime green background indicates a value of zero, in this case because there is no signal for either Au or Pt. The red/orange outline shows significantly more Pt signal than Au. (f) Spectrum, summed over the spatial axes of the full EDS spectrum image. Scale bars, 50 nm.
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S2. Additional Electron Tomography Visualization and Interpretation
As noted in the manuscript it is widely accepted 1 that HAADF-STEM imaging provides, to a generally sufficient approximation, a "projection" amenable to tomographic reconstruction. Nevertheless, some violation of the monotonically varying projection intensity and a number of other matters that influence the tomographic reconstruction process should be considered when rigorously interpreting the reconstructions. Although providing many valuable insights into the 3D morphology of the Au-Pt nanoprisms, as described in the manuscript, it should be borne in mind that the tomograms do not correspond to perfect 3D reconstructions. For the benefit of the reader less acquainted with electron tomography, and because many of the matters are not readily quantified or singly attributable, further discussion of the fidelity of the tomographic reconstructions is provided here, including most probable contributing factors.
Although HAADF-STEM imaging can provide atomic number contrast (approaching a Z 2 relationship), this would be expected to be minimal in the reconstructions here, given the very close atomic numbers of Au and Pt (79 and 78 respectively). Further, if both the Au nanoprism and Pt NPs were of constant density, the reconstructions would again be expected to show a single intensity in the orthoslices. Contrary to these expectations, it is apparent that in many regions, the reconstructions show inhomogeneous intensity across the Au nanoprism. Also, many of the Pt NPs are considerably brighter than the Au nanoprism. However, rather than the observed variations in intensity reflecting significant density differences, we attribute them as dominantly due to non-linearity in the projection images and imperfections in the tomographic reconstruction process, described below.
Viewing the aligned tilt series (Movies 1-4), considerable local diffraction contrast occurs at certain tilt angles, which corrupts the monotonic mass-thickness dependence of the HAADF signal. This will in turn have an impact on the tomographically reconstructed intensity and morphology. It is also apparent that the nanoprisms sometimes "wobble" (unwanted tilting different to the applied tilt), that there is warping of some of the images (most likely due to charging effects) and there are tearing artefacts in some images (due to charging and beam scanning imperfections). These factors also corrupt the reconstructions directly, and further so by prohibiting perfect alignment of the tilt series images. The finite number of projections means that these artefacts still manifest in the reconstructions; i.e. they are not negated by an effective averaging when many projections contribute to a tomographic reconstruction.
It should also be noted that the boundaries of the Au nanoprism and Pt NPs are not pristinely defined. This is due partially to the limited tilt range, which leads to a false elongation in the beam direction; 1 although this well-known artifact has been markedly reduced in the reconstructions here through the use of compressed sensing based reconstruction employing total variation minimization (thorough description of total variation minimization and its implementation in electron tomographic reconstruction can be found elsewhere [2] [3] [4] [5] ). The artifacts of the previous paragraph also contribute to reduced definition of the Au nanoprism and Pt NPs, especially the strong diffraction contrast and wobbling of the nanoprism, which we interpret as leading to some considerable, though generally distinguishable, false intensity above and below the true nanoprism surface. We also suggest that these lead to some apparent non-flatness of the nanoprism surface.
Viewing the tilt series and other HAADF images it is visible that the Pt NPs appear very bright when NPs on either side of the Au nanoprism overlap, as would be expected for a thickness-dependent signal. We suggest that the effects described previously reduce the reconstructed intensity of the Au nanoprism, while the Pt NPs remain bright, especially due to their strong brightness in many of the images.
A further probable artifact is the presence of striations in the Au nanoprisms (see central orthoslices), which probably result from the bright Pt NP effect in most cases, though some striations and inhomogeneous intensity in the Au nanoprism may result from other sources such as the tearing artifacts and local diffraction contrast discussed above.
The alignment challenges in particular will distort the Pt NP morphologies to some degree, but in the majority of cases not sufficiently so to prevent analysis of their general form, such as "stump", "uncapped trunk" or "mushroom-like", nor of their spatial distribution.
Despite the considerable challenges outlined, it is clear from the reconstructions that many valuable and genuine features of the Au nanoprisms and decorating Pt NPs are revealed. The visualizations provided in the manuscript have been carefully chosen to best represent features and morphology judged to be genuine, though should always be viewed with the points outlined here in mind. 
S4. STEM-EELS of Additional Pt-Decorated Nanoprisms
Decomposition techniques are a powerful tool to characterize the plasmons in nanoparticles by fitting the entire, large, spectrum image. We chose to use non-negative matrix factorization (NMF), a blind-source separation approach. [6] [7] [8] In NMF, the main user input is the number of components to be extracted; the outputs include spectral components and their spatial distribution (loadings). The spectrum at each point in the spectrum image is fit by a linear combination of the components, the loadings being the coefficients of the components in the linear combination.
Below are results from additional Pt-decorated Au nanoprisms, as well as systematic analysis of that in Figures 6 and 7 of the manuscript. These figures are included here to show that the user input, i.e., the number of components, does not affect the position and spatial distribution of the corner and edge LSPRs extracted, as long as this number is large enough (see in particular the truncated Pt-decorated Au nanoprism in Figures S13-15) . Figures 6 and 7 , at the position marked in the inset (binned 5 x 5 pixels, 9.3 x 9.3 nm; inset purple marker size exaggerated for clarity). Notice that the energy of the IBTs component, corner LSPR, and edge LSPR remain constant regardless of the number of components extracted. When extracting more components, the variation in the ZLP is increasingly fitted with the additional components. 
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Figure S14. Systematic study of the effect of the number of components extracted in NMF analysis for the truncated Pt-decorated Au nanoprism shown in Figure S13 . Notice that the spatial distribution of the IBTs component, corner LSPR, and edge LSPR remain mostly constant regardless of the number of components extracted. However, extracting fewer components leads to combining the truncated corner and corner LSPRs (they are 6 components (panels 3, 4) and 7 components (4, 7), while they are combined in 5 components (3) and 4 components (3)).
Figure S15. Spectral components obtained from NMF decomposition with different numbers of components, for the Pt-decorated Au nanoprism in Fig. S13 , at the position marked in the inset (binned 5 x 5 pixels, 8.5 x 8.5 nm; inset purple marker size exaggerated for clarity). Notice that the energy of the IBTs component, corner LSPR, and edge LSPR remain constant regardless of the number of components extracted. When extracting more components, the variation in the ZLP is increasingly fitted with the additional components.
S4. STEM-EELS of Undecorated Au Nanoprisms
As a control experiment to demonstrate that the decorated prisms sustain the same LSPRs as undecorated prisms, STEM-EELS data of undecorated Au nanoprisms was obtained and analyzed in a similar manner. The undecorated Au nanoprisms were deposited on similar Si 3 N 4 membrane windows, and comparable EELS spectrometers were used. However, the acquisition time per pixel for the undecorated particles was set to 400 times higher for the undecorated prisms due to the availability of the new Titan Themis microscope at Rice University, significantly improving the signal/noise. The modes observed using the same data analysis methods as for the decorated nanoprisms (i.e. NMF, as described above) clearly indicate that the undecorated and decorated nanoprisms sustain the same corner and edge modes.
Briefly, Figures S16, S18 and S20 show analogous raw and fitted NMF spectral features to those in Figure 6 of the manuscript; that is, peaks at ~0.9 and ~1.5 eV when the beam passes close to the nanoprism corners or edges, respectively. Similarly, using a four component NMF decomposition for the full STEM-EELS spectrum images of the undecorated nanoprisms, shown in Figures S17, S19 and S21, reveal comparable energies and spatial distributions of corner and edge LSPRs to those of the decorated nanoprisms in Figures 7, S10 and S13. Inevitably, since there is some variation in size and shape between different nanoprisms (regardless of whether they are decorated or undecorated), there will be some small differences in these LSPRs.
We note that owing primarily to the much greater signal-to-noise ratio possible during the acquisition of data for the undecorated nanoprisms (due to the 400-fold increase in acquisition time), weak higher order LSPR modes are seen when using more than four NMF components. However, using more components does not alter the spatial distributions or energies of the corner and edge LSPRs seen in Figures S17, S19 and S21. 
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